In the framework of the method of field correlators the mechanism of confinement is studied in terms of effective fields defined in a gauge invariant way using the Wilson loop. At small distances the gluodynamics in terms of effective fields in the leading order of perturbation theory is described by Maxwell equations, and in particular the color-Coulomb potential of one-gluon exchange is reproduced. Taking into account of three-point correlators of gluon fields leads to the picture of confinement appearing in sqeezing the effective field by the effective "magnetic" currents and screening the color-Coulomb part of the field.
Introduction
In this paper dynamical equations for effective colorless fields in hadrons with external sources are studied, and in terms of these fields both the phenomenon of confinement at hadron scale and the property of asymptotic freedom of the gauge theory at small distances are described in natural way. Effective fields are defined in the gluodynamics through the Wilson loop [1] , and equations considered are the generalization of MakeenkoMigdal equations [2] for the arbitrary position of the field in relation to the hadron Wilson loop.
Distributions of effective fields [3] and conserved currents corresponding to these fields are calculated in the method of field correlators (MFC) using the Wilson loop expansion over the full set of nonlocal gauge invariant correlators of gluon fields [4] . The behavior of correlators is determined by two nonperturbative parameters, the string tension σ and correlation length of gluon fields λ, as well as by the coupling α s . The value of λ is determined by the energy of valence glue calculated, e.g., in the QCD string approach [5] relied on the background field method. Behavior of the running coupling is also calculated taking into account of the influence of background fields, which lead to the infrared "freezing" of α s [6] , in correspondence with lattice calculations [7] . As in the present work is shown, the confinement in terms of effective fields leads to the additonal relation between parameters, which results in that the string tension σ is determined directly by the scale parameter of the theory, Λ QCD . One can therefore consider effective fields as degrees of freedom relevant to the description of strong interactions.
Effective fields and currents in gluodynamics
The initial element in the definition of the effective field is the parallel transporter,
where the symbol P denotes the ordering of color matrices along the integration path connecting points x and y. The parallel transporter along the closed contour C, or the Wilson loop W (C), may be written using the nonabelian Stokes theorem, see e.g. [4] , as an integral over the surface S bounded by the given contour,
where F µν (z, x 0 ) denotes the covariantly shifted gluon field strength,
and the position of the reference point x 0 is chosen on the surface S. We define the effective field in hadron as the derivative of the Wilson loop over the element of the surface,
Angle brackets denote the vacuum average, and the index J means that the field F J µν (x) is the functional of the external current J.
In the abelian theory G µν (x, x 0 ) ≡ F µν (x), and the field (4) justifies Maxwell equations with the external current
it is the 4D-generalization of the Biot-Savart law.
In nonabelian case, using the relation
where the second term appears due to the displacement of the integration contour, one can formally write for the field F J µν (x) (4) equations
where
Integration contours are determined in (7), (8) by the function u µ (s, x), which fulfils conditions
, and square brackets denote the commutator in color space. The nonabelian Bianchi identity D µFµν (x) = 0 was used in (8) . Currents (7), (8) satisfy (4), (6) identically. They are conserved due to the antisymmetry of F µν .
If the coupling is small, one can use for the first term of equation (7) the equation of classical gluodynamics,
In the leading order on the coupling α s = g 2 /(4π) the second term of equation (7) does not contribute, and the expression for the electric current takes a form
where the fundamental Casimir operator C F ·1 = T a T a = 4/3 ·1. The magnetic current (8) is absent in the leading order. Therefore equations (7), (8), (10) determine completely the dynamics of effective fields at small distances and reproduce in particular well-known color-Coulomb potential of one-gluon exchange.
Effective magnetic current (8) arises due to the displacement of integration contour of parallel transporters during their differentiation (the second term in (5)). It is easy to see that in the expansion in field powers of the Wilson loop in (8) , the lowest contribution is proportional to correlator
abc ǫ ijk , which describes the nonabelian emittence of the color-magnetic field by the color-electric one. Let us stress the duality of the origin of the effective magnetic current in gauge theory: while the triple correlator acts like the effective color-magnetic monopole emitting the color-magnetic field at some point, it is produced by the displacement term in (5), and therefore the effective magnetic current is similar to the displacement current in electrodynamics.
Note that the effective field (4) depends on the choice of the surface of Wilson loop, as well as on the trajectory connecting points x and x 0 . One should specify additional conditions fixing the surface and trajectories to complete definition of the effective field. These conditions, or constraints, should correspond to constraints of the initial gauge theory. In the simplest case of minimal surface and straight trajectories the definition (4) determines confining fields ("connected probe"), and was considered in [1] and [3] .
Distributions of effective fields and currents in MFC
Vacuum average of the Wilson loop may formally be expanded in a series of n-point gauge invariant gluon field strength correlators [4] . According to the phenomenon of Casimir scaling [4] , the lowest two-point correlator
yields the main contribution to the Wilson loop,
where the minimal surface and straight trajectories are chosen, and the two-point correlator is expressed through formfactors D and D 1 ,
We therefore restrict ourselves in what follows by the contribution of two-point correlator to the effective field, assuming that taking into account of higher correlators will not lead to essential modifications of the confinement mechanism. In this case (4), (11) are followed by the expression
Let us denote n = R/R the directing vector from quark to antiquark and rewrite (13) in the form
which means in particular that the magnetic field B is absent. Using for (14) the parametrisation (12), one comes to the expression for the electric field,
where z = (r − nl, t). According to (10) the perturbative field has a form
Using (15), one recovers the formfactor
It is assumed in the method of field correlators [4] that nonperturbative gluon fields constitute the stochastic ensemble, and their fluctuations lead to the exponential attenuation of the formfactor D at separations of the order of gluon correlation length λ,
so that the corresponding part of the field (15) has a form
where K 1 is the McDonald function. Expression (19) is normalised by the condition E D (0, R → ∞) = σ. As it will be shown below, the string tension σ may be considered as a scale parameter of the theory, and is immediately expressed through Λ QCD , see (32). Numerically, the value σ ≈ 0.18 GeV 2 is determined phenomenologically from the slope of Regge meson trajectories.
At R ≫ λ the distribution (20) has the universal profile E(ρ),
where ρ is the distance to the quark-antiquark axes. Let us now use written expressions for the effective field in the bilocal approximation to calculate the distribution of magnetic current. Note that in this case we take into account of only the three-point correlator in (8) , assuming that it is the correlator that determines the structure of magnetic currents. According to (6) , (14) (20) is directed along quark-antiquark axes, therefore magnetic current is circular, and its magnitude is determined by the derivative of the field (20) over the transverse coordinate ρ. In particular, for the saturated profile of the string (21) the magnetic field distribution has a form where k ϕ denotes the polar component of the vector in cylindrical coordinates. The vector distribution of magnetic currents is shown in Fig. 1 . This distribution is similar to the distribution of electric superconducting currents around the Abrikosov string in superconductors [8] , and supports the dual superconductivity scenario of confinement, see [9] - [12] and discussion in Conclusions.
Far from the string the dual London's equation holds, rot k = λ −2 E. For the saturated string (21) one derives
where γ(ρ) = (−2 + ρ/λ)/(1 + ρ/λ) → 1 at ρ ≫ λ. Let us proceed now to the Gauss law for static quark and antiquark, div E = ρ, where the field E is determined according to (15),
and fields (17), (20) . The missing nonperturbative part of the field, E D 1 ,np , is recovered from the condition
which means that there are no sources of colorless effective field except for quark and antiquark,
and ensures vanishing of the effective field outside the string, see below. Using the explicit expression for the field E D (20), one finds the "screening charge" densityρ, 
and calculates the field
whereQ is the "screening" charge,
As the field outside the string should vanish due to confinement, the total charge Q(r) ≡ C F α s (r)−Q(r) should turn to zero. From the condition Q(r)| r→∞ = 0, the relation among the coupling at large distances and parameters λ, σ responsible for the confinement follows,
Taking λ = 0.2 fm [4] , σ = 0.18 GeV 2 , one calculates α s = 0.42. The behavior of the strong coupling accounting for confining background fields was studied in [6] in the framework of the background perturbation theory. It was shown that the influence of background fields leads to the modification of the logarithmic behavior of the coupling according to
, where the "background mass" m B = 1 GeV≈ λ −1 is directly related to the gluon correlation length. Thus at large distances r ≫ λ the background coupling saturates to the value α s (λ) ("freezes"), and at small distances it turns to the standard running coupling. Therefore, the relation (31) takes the form providing the connection between two alternative scale parameters of the theory, Λ QCD and the string tension Λ QCD . Note that according to [7] the freezing value of the coupling α s (λ) = 0.42 corresponds to the lattice value Λ (0) QCD = 240 MeV measured in regularizational scheme MS at N f = 0 [13] , and is in agreement with (32).
The behavior of the charge Q(r) is shown in Fig. 3 for classical (a) and quantum (b) cases. One can see the decrease of the charge, which we call for the "screening".
In Fig. 3 the vector distribution of the total field (24) is shown at constant value α s = 0.42. One can see that the effective field is squeezed into the tube with the width of the order of λ.
Note that the Coulomb OGE field is screened at distances r ≫ λ both outside and inside the string. This effect is described quantitatively by the isotropic dielectric function ε(r) = Q(r)/(C F α s (r)). Using (30)-(31), one calculates that at distances r ≫ λ the dielectric function is exponentially small,
We stress that it is the conservation of the flow of the colorless effective field that leads to the vanishing of the one-gluon-exchange Coulombic part inside the string.
Conclusions
We have considered dynamical equations for gauge invariant effective fields defined in gluodynamics with external currents. It is shown that these fields satisfy Maxwell equations in leading order in α s . In the nonperturbative region generalized Maxwell equations with effective "magnetic" current are derived. Using the method of field correlators, these equations are used to calculate the distribution of circular magnetic currents and the screening of the charge of the color-Coulomb field. The question of the dual superconductivity as a mechanism for confinement in terms of efective fields arises. It is not hard to show that equations considered are not closed at hadron scale. Indeed, icreasing the length of the saturated string (21) by δR, one makes the work δA = σ δR.The energy density of the field is w = E 2 /(8π C F α s ), so that the energy increase is δU = (3/8) σ δR = (3/8) δ A. One can guess that the remaining part of the work turns to the energy of the scalar part of the gluon field (which is still missing in our approach). Therefore we conclude that the dual superconductivity scenario of confinement in terms of effective fields is possible, and closed equations should presumably include the field of the gluon condensate, decreasing inside the string.
